Geophilus gigas was described briefly by Attems in 1951 from two sites in Iran, but neither reported nor cited subsequently. The original description is inadequate to understand the full morphology and the taxonomic position of the species. Thus it is here redescribed and figured in detail based on the examination of a syntype and newly collected specimens. Furthermore it is compared with the most similar species of the genus Geophilus. G. gigas can be reliably distinguished from other related species for the maximum body size (more than 6 cm), the arrangement and extent of the sternal porefields (with additional groups of pores), the coxal pores number and distribution (tens, scattered), and the size of the ultimate legs (swollen in both sexes).
Introduction
The genus Geophilus was first described by Leach in 1814 and currently includes ca. 140 species considered valid (Minelli et al. 2006) . They are distributed mainly in the Holarctic and the majority of the known species are Palaearctic. The taxonomic condition of this genus is actually unsatisfactory, especially in Asia. Up to now fourteen species, still considered valid today, were described or recorded from temperate Asia. Among them, however, the true identity of seven species has remained uncertain because they have not been described and illustrated adequately, and recorded only once or very few times. Geophilus gigas Attems, 1951 is one of such species.
G. gigas was described by Attems (1951) upon few specimens from two localities in Iran (Tab. 1), collected by H. Loffler during an Austrian scientific expedition in Iran in 1949/50. Up to now this species has not been reported from other localities, and -to the best of our knowledge -it has not been cited further in the taxonomic, faunistic and ecological literature. The original description is not adequate either for assessing the actual distinction of this species from the many other species included in Geophilus or for identifying other specimens reliably, because it lacks information and illustrations for several characters of primary taxonomic value.
The aims of this study are providing a full redescription and illustration of G. gigas, and evaluating its validity as a distinct species, its taxonomic position and the main differences with other known species of the genus.
Material and methods
Four specimens of Geophilus gigas have been examined (preserved in 70% ethanol), which include one male syntype from Koohrang mountains, 150 km west of Isfahan, Iran, loaned from the Natural History Museum of Vienna (Ilie et al. 2009 ). Three other specimens (two females and one male) have been newly collected from three different localities in the Alborz mountains, northern Iran: 1 female from Alasht, Mazandaran province, 13.VI.2012, R. Zarei and F. Momtazi leg.; 1 male from Dizin, Alborz province, 30.IV.2011, A. Sari, A. Kazemi and R. Zarei leg.; 1 female from Fasham, Tehran province, 9.X.2011, R. Zarei leg.; all three specimens are deposited in the Zoological Museum of the University of Tehran.
All specimens were investigated using light microscopy after clearing in ethylene glycol (ethane-1,2-diol). Head and mouthparts were dissected according to standard protocols for Geophilomorpha (Pereira 2000) , only in one of the new collected specimens, so that the syntype remained undamaged. Photos were taken by a digital camera applied to microscopes and assembled by CombineZP (Hadley 2008) . Line drawings were obtained from photos. Measures were made using a micrometer applied to the eye-piece of the microscope. The terminology and morphological interpretations used in this paper followed Bonato et al. (2010) .
In order to evaluate the validity and distinction of G. gigas, seventeen taxonomically important characters were compared between G. gigas and all the most similar species (28 species). Because most of these species are rarely found in collections, only some of them were studied directly by us (indicated in Table 1 ).
Results

Geophilus gigas Attems, 1951
Full list of citations. Attems 1951: 392 (original description) Type localities. Koohrang mountains (Zagros mountains, Iran). Ghori Gol (Azerbaijan, Iran). Synonyms. None. Differential diagnosis. A Geophilus species with maximum body length at least 6 cm, antennae 3-4 times as long as the head, no clypeal areas, labrum with 6-8 intermediate tubercles, first maxillae with two pairs of lappets; second maxillae with uniformly tapering claws; forcipular coxosternite distinctly wider than long; coxopleural sutures diverging all along their length; chitin-lines incomplete; forcipules relatively short, without denticles, only a small bulge on the base of the tarsungulum; poison calyx elongate; trunk metasternites without carpophagus pit; sternal pore-fields on both anterior and posterior parts of trunk, those on the anterior part including a posterior transverse band, two paired groups just anterior to the latter, and two paired groups at the anterior corners of the metasternite; pores also on procoxae and metacoxae; metasternite of the ultimate leg-bearing segment nearly as long as wide; coxal pores many, scattered, mainly along the margin of metatergite and metasternite; legs of the ultimate pair nearly 2 times longer than the penultimate, swollen in both sexes, with well-developed claws. General features (Fig. 1) . Body 57 mm long, narrowing forward, more attenuated toward the posterior tip. Color (preserved in 70% ethanol) almost uniform, yellow-orange.
Cephalic capsule (Fig. 2) . Cephalic plate slightly longer than wide (length/width = ca. 1), sub-trapezoid, lateral margins convex and slightly converging forward, posterior margin concave; transverse suture not evident. Labrum: intermediate part continuous with the clypeus, bearing 6 sclerotised tubercles. Antennae (Fig. 2) . Each antenna ca. 3.6 times as long as the head; article II 1.1 times as long as wide, intermediate articles as long as wide, article XIV ca. 1.5 times as long as wide; setae of various size on the most basal articles, gradually denser and shorter from the basal articles to the distal ones; group of subconic, slender sensilla on articles V, IX and XIII, on both dorso-external and ventro-internal distal position; club-like sensilla on article XIV 5-10 µm long. [Other sensilla impossible to examine, because post-mortem artifacts]
Second maxillae: telopodite composed of three articles, gradually narrowing towards the tip; pretarsus as a simple claw, gradually tapering and slightly curved, without projections.
Forcipular segment (Fig. 1) . Forcipules, when closed, almost surpassing the anterior margin of the head. Tergite subtrapezoid, lateral margins evidently converging forward. Coxosternite without denticles; ventrally exposed part 1.5 times as wide as long; coxopleural sutures complete, entirely ventral, distinctly diverging on their anterior half; chitin-lines incomplete, diverging lateral to the condyles. Trochanteroprefemur as long as wide, the external side 2.7 times as long as the internal side. Tarsungulum abruptly narrowing near the base, the distal part curved and tapering uniformly, not flattened, the internal margin entire; a tiny bulge at the base of tarsungulum. No denticles on the other forcipular articles. Leg-bearing segments. Tergite 1 wider than 2, lateral margins parallel, no distinct pretergite. Metasternites without carpophagus pits on the anterior margin, only intermediate triangular projection on the posterior margin of metasternites of the anterior segments. Ventral pore-fields from segment 1 to the penultimate: pores grouped in a transverse posterior band and four additional paired small groups on the anterior and intermediate part of the metasternite (Fig. 8) ; pores also on procoxae and metacoxae; pore-fields become smaller and indistinct on the posterior segments. A total of 59 pairs of legs; legs 1 smaller than the other legs; claws with 2 accessory spines.
Ultimate leg-bearing segment (Fig. 4, 5 ). Pleuropretergite entire, without sutures. Metatergite with lateral margins convex and converging backward, posterior margin truncate. Metasternite sub-trapezoid nearly as long as wide, lateral margins almost straight, posterior margin straight; setae uniformly scattered. Coxal organs opening through distinct pores, each coxopleuron with ca. 21 on ventral and ca. 8 on dorsal side, scattered, but mainly close to the margins of the metatergite and metasternite, without evidently isolated posterior pore. Ultimate telopodite ca. 2.1 times as long as and 2.2 times as wide as the penultimate telopodite; setae uniformly scattered on both dorsal and ventral sides; claws similar to those of precedent legs, but smaller than those, with just one accessory spine, distinctly shorter, on posterior position.
Postpedal segments (Fig. 5) . Gonopods bi-articulate, with conical penis in between; a pair of distinct anal organs and pores. Complementary description of a female (Figs. 3, 6, 7, 9, 10 (Fig. 3 ). First maxillae: coxosternite entire, with short lappets, coxal projections subtriangular, longer than wide; telopodites longer than coxal projections, composed of two articles, with elongate lappets; coxal projections and distal articles of the telopodites bearing setae on the distal part, spine-like sensilla close to the tip and minute scales on the tip. Second maxillae: coxosternite entire, uniformly areolate, anterior margin widely concave, setae close to the anterior margin; metameric pores featuring as transverse slits; telopodite composed of three articles, gradually narrowing towards the tip; claw simple, gradually tapering, slightly bent with 3 sensilla on the ventral side.
Forcipular segment (Fig. 7) . Coxosternite: two paramedian groups of 6-7 setae on the dorsal side, close to the anterior margin; ventrally exposed part 1.4 times as wide as long. Trochanteroprefemur nearly as long as wide, the external side 2.1 times as long as internal side. Poison calyx relatively long, 4.2 times as long as wide, lodged in the distal part of trochanteroprefemur.
Leg-bearing segments. A total of 59.
FIGURES 6-10. Geophilus gigas Attems, 1951. 6, clypeus and labrum, ventral (maxillae removed); 7, forcipular segment, ventral; 8, leg-bearing segment 13, ventral; 9-10, ultimate leg-bearing segment and postpedal segments of an adult female, ventral (9) and dorsal (10). Line drawings from: female from Alborz mountains, Iran (6-7, 9-10); male syntype from Koohrang, Iran (8).
Ultimate leg-bearing segment (Figs 9-10). Coxal organs opening through distinct pores, ca. 22 on ventral and ca. 12 on dorsal side, mainly along the margins of both the metatergite and the metasternite. Ultimate telopodite ca. 2.0 times as long as and 2.2 times as wide as the penultimate telopodite; setae uniformly scattered on both dorsal and ventral sides; claws similar to those of precedent legs but smaller than those, with just one accessory spine, distinctly shorter, on posterior position.
Postpedal segments (Fig. 9) . Genital pleurosternite entire, gonopodal lamina distinctly bilobed. A pair of distinct anal organs and pores.
Intraspecific variation. Taking into account the data reported by Attems (1951) (referring to at least four specimens, but the exact number is unclear) and the information acquired directly by us (on one of the syntypes and another 3 specimens), the number of leg pairs varies among specimens of G. gigas in the range 51-61, with the highest values 59 and 61 recorded on both males and females, the lowest in a specimen of unknown sex. The transverse suture on the head is either evident or not in different specimens, but this could be affected by preservation condition or by differences in integumental structures during the moulting cycle, different specimens having been fixed at different stages during the inter-moult development. In addition to the common pattern of pore-fields on the metasternites, procoxae and metacoxae, a few pores (1-3) have been detected also on the coxae of the specimens freshly collected from Alborz Mountains, whereas no pores are visible on the coxae of the syntype. However, this apparent difference could be a result of preservation condition after very different times since collection (only 1-2 years vs. more than half a century). Among four adult specimens with well developed gonopods that were studied directly (two males and two females), no sexual dimorphism was found in the ultimate legs, which are similarly swollen in both females and males.
Habitat. Based on published and new data, G. gigas has been recorded from five sites, all in Iran, two from the Zagros Mountains and three from the Alborz Mountains. All sites are in mountainous areas, most sites have semidesertic or grassy vegetation, but one site is covered with highland forest, at high altitude (1500-2600 m), covered by snow during the winter and with cool weather during summer.
Discussion
After examining one of the syntypes of G. gigas we found that the original description by Attems (1951) has inaccuracies and omissions. That was partly because that description was aimed at distinguishing G. gigas from Geophilus felix Attems, 1947 (actually a synonym of Pachymerium ferrugineum (Koch, 1835) , a well known species, well distinct from Geophilus species, also recorded from Iran; Minelli et al. 2006) , not from other true species of Geophilus. In particular, Attems (1951) mentioned the ventral pores just as a transverse band in the posterior part of the metasternites, but other distinct groups of pores are present on metasternites, procoxae and metacoxae, also in the syntype. This is not surprising, because it has already been shown that old descriptions of geophilids are often inaccurate when it comes to the presence and pattern of pore-fields because of inadequate clearing of specimens, poor optics or careless observations (Turcato et al. 1995) . Attems (1951) also failed to report the unusual condition of the ultimate legs of G. gigas, which are swollen in both males and females. However, while the original description was clearly based on one or more male specimens, it is not obvious if Attems examined any adult female specimen.
In addition, we found three specimens included in the single original vial that was labeled unambiguously as containing syntypes of G. gigas. We found that only one is actually corresponding to G. gigas, while the other two belong to other genera (Henia, Stenotaenia). These two specimens, which are complete and have never been either dissected or digested, could have been really collected together with G. gigas, but have not been examined by Attems, or instead have been carelessly added later to the vial containing the syntype. They were already together in a single vial when Attems' geophilomorph collection in the Natural History Museum of Vienna was catalogued some years ago, as suggested by the fact that three specimens were counted in this vial (Ilie et al. 2009 ).
Based on the examination of one of the syntypes and other specimens newly collected and confidently recognized as conspecific, G. gigas is confirmed as a distinct species. It differs from all other known species of Geophilus mainly in body size, number of legs, pattern of ventral pore-fields, number and arrangement of coxal pores (see Diagnosis above and Table 1 ).
G. gigas is maintained in Geophilus, at least provisionally, because it fits the current diagnosis of this genus (Crabill 1954; Barber 2009; Minelli 2011) . In particular, G. gigas shares the following characters with the species confidently placed in the genus Geophilus at present, including the type species Geophilus electricus (Linnaeus, 1758): head not or only slightly elongate, labral intermediate part bearing tubercles; coxosternite of second maxillae with relatively long isthmus, without statumina; forcipules poorly elongate, almost without denticles, at most a tubercle at the base of each tarsungulum; anterior border of forcipular coxosternite without denticles; chitinlines complete or nearly complete; sternal pores, when present, grouped mainly in a transverse field on the posterior part of metasternite; coxal pores opening individually onto the surface, mostly close to the metasternite, sometimes also on the dorsal side. However, the generic combination Geophilus gigas should be taken as provisional, because Geophilus was among the first names introduced for genera of Chilopoda, its circumscription and morphological diagnosis has been narrowing more and more, and still today it is suspected to be a heterogeneous taxon deserving a careful revision ).
Also the species-level taxonomy in the genus Geophilus is unsatisfactory, especially for the species described or reported from the central and eastern Palaearctic, east of Caucasus and Anatolia. Some descriptions are very brief, without necessary illustrations and some authors have described characters that are not considered as taxonomically important any more, while ignoring others that are now considered as taxonomically significant traits. Moreover, recent researches have revealed that some species have been misplaced in the genus Geophilus . Resolving this problem requires re-examination of many type specimens from museums or re-sampling areas for specimens, especially if type material is lost or unavailable, to address several characters with taxonomic values but ignored in the original and subsequent descriptions.
Evaluating the taxonomic position of G. gigas inside Geophilus is hampered by the fact that the phylogenetic relationships between species are still unknown. A sub-generic taxonomic scheme proposed in the past (Verhoeff 1925) was actually not followed (Barber 2009; Crabill 1954; Minelli 2011) , and the first tentative phylogenetic analyses sampling in Geophilus have been inconclusive (Foddai & Minelli 1999) . Because of this, we could only evaluate the morphological similarity between G. gigas and other selected species of Geophilus sharing some characters that are expected to be phylogenetically informative within the genus (Table 1) . This comparison allows hypothesizing that G. gigas is more strictly related to G. carpophagus, G. easoni and G. procerus, because these species share one or more conditions that are most probably derived within the genus, i.e. relatively large body size, quite numerous trunk segments, and additional pore-fields on the metasternites and surrounding sclerites. G. gigas appears especially closer to G. procerus in the absence of carpophagus pits and the maximum body size. Reliable estimates of maximum body length have been reported for G. procerus (85 mm, measured on tens of specimens; Takakuwa 1935) and for both G. carpophagus and G. easoni (60 mm, measured on hundreds of specimens); shorter lengths are known for all other species of Geophilus (Minelli, 2011) . In G. gigas, a maximum of 63 mm have been found upon only few specimens, so that it is expected that the maximum body size in G. gigas is actually larger and closer to G. procerus than to the other species. Worth noting is that G. procerus is known only from Japan (Takakuwa 1940) , but its actual distribution could have been underestimated in the Eastern Asia, due to the lack of enough investigations. Instead, G. carpophagus and G. easoni comprise a well known species-complex that is distributed through Northern Africa, most parts of Europe and eastwards to Ukraine . Despite of the fact that Folkmanova (1958) described Pleurogeophilus magnus by mentioning its similarity with G. procerus, P. magnus is actually not strictly related to G. gigas, because it was described as having two distinct denticles on the anterior margin of the forcipular coxosternite. Similar denticles are unknown in the genus Geophilus, including G. gigas, but peculiar of other genera, e.g. Clinopodes C.L. Koch, 1847 and Diphyonyx Bonato, Zapparoli & G. gigas differs from all known species of Geophilus also in two unusual characters, i.e. the arrangement of the ventral glandular pores and the enlargement of the ultimate legs in both sexes. In many species of Geophilus the trunk metasternites have a single posterior field, which is either reduced or is fully absent in some species or instead is accompanied by two additional fields close to the anterior corners in other species (i.e. in G. carpophagus, G. easoni and G. procerus). In G. gigas another two additional groups develop distinctly, between the posterior entire field and the two paired anterior fields, even larger in extent than the latter pairs (Fig. 8) . A similar pattern of sternal pores was reported by Lignau (1929) for a single specimen from Kazakstan that was referred with doubt to G. procerus, and by Verhoeff (1930) for two species of unclear identity described from central Asia and distinguished in the genus Taschkentia Verhoeff, 1930 , namely T. parthorum (Pocock, 1891 and T. bucharensis (Verhoeff, 1930) . Further morphological investigations are needed, including a phylogenetic analysis, to evaluate the relations between these latter species and G. gigas. As to the ultimate legs, according to literature they are sexually dimorphic in most of the known species of Geophilus, i.e. they are more or less swollen in adult males, but they are similar to the penultimate legs in the female specimens (references in Table 1 ). In fact, Jones (2001) described the ultimate legs of female G. readae as being slightly swollen, but the accompanying illustrations of the single specimen examined allow inferring that the specimen was actually a juvenile without gonopods and of unclear sex, mistaken as an adult female by the author. For the time being, the development of swollen ultimate legs in both sexes has been documented unambiguously only in G. gigas.
